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ABSTRACT
The red soft coral that is found around the spiny lobster
represents a major allergen and many fishermen,
especially those that catch the spiny lobster, suffer from
allergic symptoms. Therefore, in the present study,
one of the major fractions of this protein was iso-
lated and purified from the red soft coral (Alcyonium
gracillimum). Sodium dodecyl sulfate–polyacrylamide
gel electrophoresis and immunoblot analyses showed
that the molecular weight of the allergen is approxi-
mately 14.4–20.1 kDa. Continuous purification of the
protein resulted in a peptide with a molecular weight
of 17 kDa. Immunoblotting and ELISA tests showed
that the isolated peptide (17 kDa) strongly cross-reacted
with the IgE of patients, thus classifying it as a signifi-
cant allergen.
Key words: allergic protein, bronchial asthma, IgE,
occupational allergy, purification, red soft coral.
INTRODUCTION
The marine living allergy was found to cause asthma
among workers engaged in shucking oysters in Hiroshima.1
Oka et al.2 isolated and characterized the sea squirt as
an allergen causing asthma. Four major antigens were
isolated with the common IgE epitope that is responsible
for sea squirt allergy.3–5 All these antigens potentially pro-
voked erythema when patients were intracutaneously
tested. During the spiny lobster fishing season, fishermen
had allergic symptoms, such as sneezing, nasal discharge,
coughing, asthmatic attacks, conjunctival hyperemia and
dermatitis. Onizuka et al. found that these symptoms are
caused by the red soft coral (Dendronephthya nipponica)
found around the spiny lobster in dragnets used during
the fishing season from September to mid-April.6 Fisher-
men engaged in spiny lobster fishing were investigated
and the results showed that all (75 patients) had a skin
reaction to the extract of the red soft coral. Approximately
39% of patients suffered from rhinitis and 9% suffered
from bronchial asthma when they were exposed to the
corals. Tao et al.7 demonstrated that the extract of the red
soft coral (D. nipponica) could provoke bronchial asthma
in guinea pigs by inhalation of the coral extract. The
bronchia of all sensitized animals had increased respi-
ratory resistance immediately following inhalation of
the extract. Simultaneously, the number of eosinophils
increased in the lamina propria mucosae and epithelium
of the bronchia 6 h after inhalation. The airway respon-
siveness against acetylcholine in the sensitized animals
increased in proportion to the number of eosinophils that
existed in the lamina propria and epithelium of the
bronchia. Because of the severe symptoms, rapid identifi-
cation of the red soft coral allergens should be under-
taken. In the present study, we purified a major allergen
of another red soft coral (Alcyonium gracillimum; how-
ever, Mr Y Imahara (Wakayama Prefectural Museum 
of Natural History, Wakayama, Japan) suggests there is
Allergology International (2000) 49: 213–218
Original Article
Purification of a novel allergen (SAP-1), which 
induces allergic asthma, from the red soft coral
(Alcyonium gracillimum)
Yoshiko Takeda,1 Hiroko Kawakami,1 Seiko Shigeta,2 Hisao Kamiya,3
Reiko Onizuka,4 Kimiko Tanabe5 and Yuko Kato1
1Tohwa Institute for Orient Studies, Tohwa University, Fukuoka, 2Graduate School of Advanced Sciences 
of Matter, Hiroshima University, Hiroshima, 3School of Fisheries Sciences, Kitasato University, Iwate,
4National Sanatorium Miyazaki–Higashi Hospital and 5Miyazaki University, Miyazaki, Japan
Correspondence: Yoshiko Takeda, Tohwa Institute for Orient
Studies, Tohwa University, 312 Ohkawachi, Buzen, Fukuoka
828-0082, Japan. Email: ytakeda@lime.ocn.ne.jp
Received 21 February 2000. Accepted for publication 
18 May 2000.
the possibility that this red soft coral is an unknown
species of Scleronephthya) by monitoring the binding of
the red soft coral allergy IgE of patients.
METHODS
Materials
Red soft coral was caught on the Pacific coast of Miyazaki
prefecture in 1998. HiLoad 16/10 Q Sepharose HP,
Mono S HR 5/5, Phenyl Superose HR 5/5 (Amersham
Pharmacia Biotech, Uppsala, Sweden) were used for
chromatography. Unless otherwise stated, all reagents
used in the present study were of reagent grade.
Human sera and antisera
Sera samples from three red soft coral-allergic subjects
were obtained from the National Sanatorium of the
Miyazaki–Higashi Hospital and were pooled. Sera samples
to be used as negative controls were collected from one
cedar pollen-allergic subject and one healthy volunteer.
Protein determination
The protein concentration was assayed by the method 
of Lowry et al., with bovine serum albumin (BSA) as the
standard.8
Purification of the red soft coral allergen
A 300 g sample of red soft coral (A. gracillimum) was
homogenized for 10 min and suspended in 900 mL of 
10 mmol/L phosphate buffer (pH 7.4) containing 0.15
mol/L NaCl at room temperature. After centrifugation at
10 000 g for 30 min, the supernatant was fractionated by
adding (NH4)2SO4 up to 80% saturation. The precipitate
was dialyzed against 10 mmol/L Tris-HCl buffer at pH
8.5 and applied to a Q Sepharose HP column pre-equi-
librated with the same buffer. Chromatography was
performed at 4°C and the column eluate was monitored
at 280 nm. The column was washed with the same buffer
at a flow rate of 5 mL/min, the effluent was concentrated
by ultrafiltration with YM-10 (Amicon, Beverly, MA, USA),
dialyzed against 10 mmol/L acetate buffer at pH 5.0 and
applied to a Mono S column equilibrated with the same
buffer. The column was washed with the same buffer at a
flow rate of 1 mL/min and the adsorbed materials were
recovered in 1 mL fractions by eluting a linear gradient of
NaCl (0–0.4 mol/L) and stepwise with 1.0 mol/L NaCl
using the FPLC system (Amersham Pharmacia Biotech).
An equi-volume of 2.4 mol/L ammonium sulfate in 40
mmol/L Tris-HCl buffer at pH 7.4 was added to 1 mL of
fraction 13. The solution was applied to a Phenyl
Superose column equilibrated with 1.2 mol/L ammo-
nium sulfate in 20 mmol/L Tris-HCl buffer at pH 7.4 and
eluted at a decreasing gradient of ammonium sulfate
(1.2–0 mol/L).
Sodium dodecyl sulfate–polyacrylamide gel
electrophoresis and protein sequence
Sodium dodecyl sulfate–polyacrylamide gel electro-
phoresis (SDS-PAGE) was performed according to the
method of Laemmli.9 Separated proteins on the gel were
stained using a Coomassie brilliant blue10 or silver stain kit
(2D-silver stain·II; Daiichi Pure Chemicals Co. Ltd, Tokyo,
Japan).11 For protein sequencing, proteins were electro-
transferred to an Immobilon-P membrane (Millipore
Corporation, Bedford, MA, USA) using a semidry blotting
apparatus and were detected by Coomassie brilliant blue.
The visualized band was cut and applied to the protein
sequencer (model 473A; PE Applied Biosystems Japan
Inc., Chiba, Japan).
Immunoblotting
After SDS-PAGE, the target protein was transferred to an
Immobilon-P membrane to detect the IgE binding by
means of sequential incubation using the pooled sera of
soft coral-allergic patients (500-fold) and biotin-labeled
goat antihuman IgE (1000-fold; Biosource International,
Camarillo, CA, USA). The membrane was then reacted
with horseradish peroxidase-conjugated streptavidin
(1000-fold; Zymed, Oxnard, CA, USA).12 For detection, a
chemiluminescent reagent (ECLplus; Amersham Pharmacia
Biotech Inc., Uppsala, Sweden, NJ, USA) was used and
the membrane was covered by autoradiography film (Fuji
Film, Tokyo, Japan) for 15 s.13
ELISA assay
The reactivity of isolated antigens to soft coral antigen-
specific IgE in human sera was measured by ELISA.14
Briefly, a 96-well microtiter plate (Maxisorp; NUNC,
Roskilde, Denmark) was coated with the isolated antigen
(0.1 m g), followed by blocking with 5% skim milk in
phosphate-buffered saline containing 0.05% Tween 20
(PBST). It was then incubated with pooled sera (1 : 100).
The bound IgE antibody was detected using sequential
incubation with biotin-labeled goat antihuman IgE
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(1000-fold; Biosource International) in PBST containing
0.1% BSA, followed by alkaline phosphatase-conjugated
streptavidin (1000-fold; Zymed) in PBST containing 0.1%
BSA and AttoPhosTM (Boehringer Mannheim, Mannheim,
Germany). The fluorescence intensity was measured at a
560 nm emission wavelength after excitation at 420 nm
using CytoFluorIITM (PerSeptive Biosystem, Famingham,
MA, USA). Simultaneously, an ELISA plate was coated
with sheep antihuman IgE (Cappel, West Chester, PA,
USA). After blocking, a series of diluted human IgE
(Yamasa Shoyu Co. Ltd, Chiba, Japan) were added. The
bound IgE antibody was estimated as already described.
A unit of specific IgE antibody in sera is defined as the
concentration of IgE (ng) required to produce the same
ELISA value on a standard curve for the binding of IgE by
antihuman IgE.
RESULTS
Purification of the red soft coral allergen
Approximately 300 mg crude antigen was obtained from
300 g red soft coral that fractionated with 80% ammonium
sulfate in 10 mmol/L phosphate buffer. Sodium dodecyl
sulfate–polyacrylamide gel electrophoresis and western
blot analyses of the fraction showed that the protein mole-
cular weight was approximately 14.4–20.1 kDa and that it
strongly cross-reacted with the patients’ IgE (Fig. 1a,b). The
fraction was applied to a Q Sepharose column and the
effluent was chromatographed on a Mono S column 
(Fig. 2a). Fractions were checked by SDS-PAGE. Sodium
dodecyl sulfate–polyacrylamide gel electrophoresis showed
that fraction number 13 contained the target protein 
(Fig. 2b). Immunoblot analysis showed that fraction
number 13 strongly cross-reacted with the patients’ sera
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Fig. 1 Sodium dodecyl sulfate–polyacrylamide gel electro-
phoresis pattern of crude red soft coral extract. The gel was
visualized by Coomassie brilliant blue (CBB) stain (a) and
immunostaining against pooled sera from red soft coral-
allergic patients (b).
Fig. 2 (a) Cation exchange chromatographic separation of
red soft coral allergen. The effluent of Q Sepharose HP was
pooled, dialysed against 10 mmol/L acetate buffer at pH 5.0
and concentrated by ultrafiltration with YM-10 up to 2 mL. The
concentrated allergen solution was applied to a Mono S
column pre-equilibrated with the same buffer at a flow rate of 
1 mL/min in 1 mL fractions. After washing with the same buffer,
the column was eluted with the buffer containing a linear gradi-
ent of NaCl from 0 to 0.4 mol/L. A280, absorbance at 280 nm
(r). (-----), concentration of NaCl. (b,c) Sodium dodecyl sulfate–
polyacrylamide gel electrophoresis and immunoblotting after
ion exchange chromatography. Twenty and 100 m L of each frac-
tion were applied to lanes in the (b) and (c), respectively. The
proteins were stained with (b) silver staining and (c) immuno-
staining against the pooled sera of the red soft coral allergic
patients. Other conditions were the same as given for Fig. 1.
IgE compared with fraction 12 (Fig. 2c). Fraction 13 was
then purified using a hydrophobic column (Fig. 3a). Sod-
ium dodecyl sulfate–polyacrylamide gel electrophoresis
and immunoblot analyses showed that the allergen was
completely purified and appeared as a single band.
Fractions 15 and 16, which contained the target protein,
were then pooled and termed as the red soft coral aller-
genic protein-1 (SAP-1). The yield of SAP-1 was found to be
15 m g from 300 g red soft coral.
Amino acid sequence and allergenicity of
SAP-1
Sequence analysis of the first 14 N-terminal amino acids
of SAP-1 was VVVPFKDLGSKTMK.
The allergenicity of SAP-1 was examined by fluoro-
metric IgE ELISA (Fig. 4). The SAP-1 strongly cross-
reacted with the red soft coral-allergic patients’ sera. In
contrast, sera from the patient with Japanese cedar
allergy and the healthy donor did not cross-react with the
allergen.
DISCUSSION
The major allergen of the red soft coral (SAP-1) was puri-
fied from the extract of homogenized red soft coral.
Although only one protein from crude soft coral materials
of a molecular weight of 14.4–20.1 kDa was observed
on SDS-PAGE, more than three protein bands appeared
after cation exchange chromatography and two or more
allergens were visualized after being immunoblotted.
Hydrophobic chromatography purification resulted in
only one protein (SAP-1) having a molecular weight of 
17 kDa with a strong allergenicity. Although the homol-
ogy score (69.231%) was observed in the hypothetical
111.7 kDa protein F37A4.7 of Caenorhabditis elegans15
in the N-terminal 14 amino acid sequence of SAP-1,
details about the protein were still unclear.
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Fig. 3 (a) Hydrophobic chromatography of red soft coral
allergen. Fraction 13 from chromatography shown in Fig. 2
was applied to a Phenyl Superose column pre-equilibrated with
1.2 mol/L ammonium sulfate in 20 mmol/L Tris-HCl buffer at
pH 7.4. After washing with the same buffer, the column was
eluted with a decreasing gradient of ammonium sulfate from
1.2 to 0 mol/L. A280, absorbance at 280 nm (r). (-----), con-
centration of ammonium sulfate. Fifty and 250 ng of the
pooled sample of fractions 15 and 16 were applied to the gel
for (b) protein staining (silver stain) and (c) immunoblot (IgE),
respectively. The other conditions were the same as given for
Fig. 2.
Fig. 4 The level of specific IgE to purified red soft coral
antigen SAP-1. The unit of specific IgE antibody in the red soft
coral-allergic pooled sera was defined as ng IgE equivalent to
produce the same ELISA value on a standard curve for binding
of IgE by antihuman IgE. The level of the specific IgE to SAP-1 in
the red soft coral patients was significantly higher than that in
the normal subject and the Japanese cedar pollinosis patient 
(P < 0.005).
Many allergens have been detected with a molecular
weight between 10 and 20 kDa, such as mite allergens
Der f/p 2,16 latex,17 wheat flour allergen18 and birch
pollen allergen.19 These allergens have been reported to
induce asthma, cough and rhinorrhea.19 The smaller the
molecular weight of the allergen, the easier its passage
through the mucus membrane of the trachea, nose, con-
junctiva and intestine.20–22
In sea squirt allergy, only the lowest molecular size
antigen caused immediate conjunctival congestion, a
violent asthmatic attack and wheezing with a significant
reduction in the forced expiratory volume in 1 s for
patients who suffered from sea squirt allergy.5 These
symptoms disappeared when the allergen was polymer-
ized to three or four dimers.23 The middle molecular sized
antigen has been used for hyposensitization therapy and
over 90% of patients suppressed symptoms following
hyposensitization with the antigen over 20 years.24
Further work on red soft coral allergy is required to
make it a useful antigen for hyposensitization therapy.
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